Left ventricular noncompaction (LVNC) is a rare cause of cardiomyopathy that can lead to systemic embolism and ischemic stroke. LVNC results from the arrest of ventricular myocardium compaction during embryogenesis. Multiple other cardiac complications coexist with this cardiomyopathy, and one of the potential consequences is cardioembolic events causing ischemic stroke. This condition can be underdiagnosed or misdiagnosed as hypertrophic or dilated cardiomyopathy. We report a patient who presented with recurrent embolic ischemic stroke secondary to LVNC that was overlooked on initial transthoracic echocardiographic studies. After an unremarkable laboratory workup, transesophageal echocardiogram (TEE) revealed noncompaction of the myocardium within the apex of the left ventricle, confirmed by cardiac magnetic resonance imaging (MRI). The patient was anticoagulated with warfarin and discharged to a rehabilitation facility. Increased understanding and awareness of the diagnosis, clinical manifestations, and management of LVNC are advised, particularly in patients with recurrent embolic stroke of undetermined source. Screening of all first-degree relatives with this familial condition is recommended as well, as appropriate treatment can prevent cardiac complications and sudden death.
Introduction
Left ventricular noncompaction (LVNC), first described by Chin et al in 1990 [1] , is a cardiomyopathy that is characterized by deep trabeculations of the ventricular wall, with echocardiographic evidence of multiple deep intertrabecular recesses communicating with the ventricular cavity. This occurs as a result of the arrest of ventricular myocardium compaction during embryogenesis. The exact cause of this rare cardiomyopathy is not well understood. Noncompacted myocardium has been categorized as an unclassified cardiomyopathy by the World Health Organization [2, 3] . LVNC is also known as spongy myocardium, spongiform cardiomyopathy, or hypertrabeculation.
Common coexisting cardiac findings include left-ventricular systolic dysfunction, valvular disease, congestive heart failure, and malignant arrhythmias. Isolated LVNC, a primary genetic cardiomyopathy that is associated with no other congenital cardiac malformations, is extremely rare [1] . Neurological complications include cardioembolic cerebral infarcts, and the association of LVNC with ischemic stroke continues to be underestimated.
The differential diagnosis of LVNC includes apical hypertrophic cardiomyopathy, arrhythmogenic right ventricular dysplasia, and cardiac metastases [4] .
Although the exact prevalence of ventricular noncompaction in the general population is not known, it is estimated to range from 0.014% to 1.3% [5] [6] [7] , and is reported in 3-4% among patients with heart failure [8] . The prevalence among adults who are referred for echocardiography studies is estimated between 0.01% and 0.27% [9, 10] . The incidence is estimated between 0.05% and 0.25% per year [11] . The diagnosis can be challenging [12] as prominent trabeculations can be seen in 68% of healthy individuals [13] , and spongy myocardium has to be distinguished from normal muscle bundles.
The most commonly utilized diagnostic tool to evaluate noncompaction cardiomyopathy is echocardiography. There are several echocardiogram criteria that must be met to make the diagnosis of LVNC, including the presence of spongy noncompacted myocardium and visualization of intertrabecular spaces perfusion from the ventricular cavity [11] . If LVNC is suspected on transthoracic echocardiogram (TTE) or transesophageal echocardiogram (TEE), cardiac magnetic resonance imaging (MRI) can be done for confirmation, which carries a very high specificity [14] .
In this report, we present a rare case of recurrent embolic ischemic stroke secondary to LVNC that was overlooked on initial surface echocardiogram but was better revealed on transesophageal echocardiography and cardiac MRI. The patient was eventually started on warfarin and discharged in a stable condition to a rehabilitation facility. We also elaborate on the epidemiology, clinical manifestation, diagnostic criteria, and management of this rare cardiomyopathy. Ischemic Stroke Secondary to LVNC J Neurol Res. 2019;9(4-5):75-80 brought to the emergency department after being found on the floor by a friend. On initial evaluation, the patient was found to have left-sided hemiplegia and right gaze preference, along with hemineglect. One year prior, the patient presented to a local hospital with left-sided visual loss and was found to have a right occipital infarct with residual left-sided visual field cut. He was discharged on daily aspirin. Two months later, he presented to our hospital with chest pain; workup revealed severe congestive heart failure with an ejection fraction of 15-20% and a left ventricular thrombus. At that time, he was started on warfarin but was noncompliant.
Case Report
Past medical history was significant for hypertension and type 2 diabetes mellitus; however, the patient was not compliant with his medications. He had a history of alcohol, cocaine, and heroin abuse but denied the use of any recently. Family history revealed that both his parents died in their early 50s secondary to coronary artery disease.
On physical examination, the patient was afebrile with a blood pressure of 216/164 and a heart rate of 83 beats per minute. He was in normal sinus rhythm. On neurological examination, he was found to be awake and alert with no aphasia or dysarthria. Cranial nerve examination revealed a right gaze preference, left homonymous hemianopia, and left central facial weakness. Motor strength was 5/5 on the right side and 0/5 in the left arm and leg, best described as flaccid paralysis. Sensory examination revealed diminished sensation to pinprick on the left. Further examination revealed marked sensory extinction on the left and profound left-sided visuospatial hemineglect.
Laboratory workup included a complete blood count, metabolic panel, and a urine drug screen, all of which were unremarkable. International normalized ratio was 1.0. A computed tomography of the head showed acute ischemia in the right posterior frontal, temporal, and parietal lobes involving gray and white matter. The patient was deemed not a candidate for intravenous thrombolytics or mechanical thrombectomy as the stroke was well formed and extensive on the initial imaging studies.
MRI of the brain showed a large acute ischemic infarct in the territory of the right middle cerebral artery (MCA). Electrocardiogram and telemetry did not show any atrial fibrillation. Magnetic resonance angiography showed occlusion of the M1 segment of the right MCA. Since a TTE was done during a recent hospitalization, a TEE was completed and revealed severe left ventricular dilation and hypokinesis with no evidence of thrombus, an ejection fraction of 15%, and right ventricular wall hypokinesis. Intravenous contrast was injected to better visualize the left ventricle showing hypertrabeculation of the apex. Cardiac MRI revealed noncompaction of the myocardium within the apex of the left ventricle ( Fig. 1 ), but no thrombi were seen. The patient was evaluated by cardiology and was found to meet all the diagnostic criteria of LVNC.
To reduce the risk of hemorrhagic conversion of a largeterritory infarct, anticoagulation was not immediately initiated. Patient was started on pharmacotherapy for the systolic dysfunction. Cardiology recommended an implantable cardioverter-defibrillator, which was inserted before his discharge. The patient was deemed clinically stable and eventually discharged to a rehabilitation facility on warfarin.
Discussion
LVNC is a cardiomyopathy characterized by remarkable trabeculae in the ventricles with deep intertrabecular recesses between that result in cardiac dysfunction and multiple complications. These trabecular arrangements are readily distinguishable from the trabeculations seen in other types of cardiomyopathy [15] . LVNC was first described in 1932 in an infant heart that was histologically studied. Findings were described as the remains of the sinusoids of the embryonic hearts [16] . The most widely accepted theory of the pathogenesis of LVNC is that compaction gets arrested or impaired leaving the remains of the recesses [1, 17, 18] . Others have suggested that alternative pathologies such as myocardial dissection might be implicated [9] .
The term hypertrophic LVNC indicates the coexistence of LVNC with hypertrophic cardiomyopathy; two cases were recently reported after diagnosis based on echocardiography and cardiac magnetic imaging [19] . Another rare entity is the combination of left ventricular hypertrophy and noncompaction [20] .
Epidemiology
The prevalence of LVNC in patients undergoing echocardiography is rare. In a study conducted by the Mayo Clinic [5] , the prevalence was found to be 0.02% after 141,047 echocardiograms were obtained in patients between 2001 and 2006. It is estimated that 0.014-1.3% of the general population have LVNC [5] [6] [7] , and the prevalence is estimated to be 0.01-0.27% in those who have had echocardiography [10, 11, 21, 22] . In several cohorts of subjects with ventricular noncompaction, the percentage of men was reported as ranging from 56% to 82% [1, 5, 11, 23, 24] . In a study of more than 900 patients with heart failure, the prevalence of LVNC was found to be 3% [8] . 
Clinical manifestations and the incidence of ischemic stroke
It is well known that LVNC is associated with cardioembolic events. The rate of ischemic stroke occurrence appears to be dependent on age, cardiovascular comorbidities, and duration of follow-up [23] . In one study by Stollberger et al [25] , the occurrence of systemic embolization, including stroke, was 10% in patients with LVNC compared to 15% in controls, and therefore LVNC was not considered a risk factor for cardioembolism. Due to the low prevalence of LVNC in the general population, the incidence of cryptogenic stroke is not known [26] .
A systemic overview study of 241 patients with LVNC aimed to examine the natural history and clinical manifestations of this condition [27] . It was found that dyspnea was the most common baseline characteristic, with 3% having had a prior stroke. After 39 months of follow-up, 8% had a stroke or transient ischemic attack; most patients were not on anticoagulation. Atrial fibrillation was present in 10% of patients. The overall mortality at 39 months was 14%; 50% of those died as a result of sudden cardiac arrest [27] .
Diagnostic criteria
Several authors have reported the likelihood of missing the diagnosis of LVNC and emphasized the importance of awareness of this condition [9, 28] . The diagnosis can be overlooked depending on image quality and interpretation. Failure to diagnose may lead to insufficient treatment and management as this condition can lead to malignant arrhythmias and sudden death. Surface echocardiogram remains the most commonly ordered initial test that identifies the characteristic findings of LVNC. A TEE can be obtained if there is a suspicion and diagnosis was not made on TTE. In our patient, LVNC was overlooked on the initial transthoracic echocardiographic study but was better distinguished on TEE.
Several echocardiographic criteria were proposed to aid in the diagnosis of LVNC in the literature. These include criteria described by Chin [1] , Jenni [17, 18] , and Stollberger [29] . After review of all criteria, we find the revised criteria by Stollberger et al [30] reported after a review of 115 echocardiograms by three experts of LVNC the most ideal. The criteria are: 1) Greater than three prominent trabecular formations along the left ventricular endocardial border, which can be seen at end-diastole; 2) Trabeculations move synchronously with the compacted myocardium; 3) Trabeculations make up the noncompacted part of the two-layer myocardial structure, best seen at end-systole; 4) Perfusion of the intertrabecular spaces from the ventricular cavity is present at end-diastole on color or contrast echocardiography [30] .
Cardiac MRI can also be of diagnostic value when adequate echocardiographic images cannot be obtained and in cases that are highly suspicious for LVNC but not confirmed. Cardiac MRI has a higher sensitivity, especially in detecting trabeculation and recesses at the apex and lateral wall [14] , and allows the differentiation of compacted and noncompacted myocardium. Peterson et al suggests that a ration of noncom-pacted/compacted myocardium of > 2.3 in diastole is highly suggestive of LVNC [14] . Boban et al [31] further evaluated the benefit of cardiac MRI in the diagnosis of LVNC and verified its high specificity and sensitivity. Another advantage of cardiac MRI is the benefit of imaging the apex and the use of enhancement to evaluate fibrosis [32, 33] and superior visualization of left ventricular thrombi [33] . Left ventricular angiography is rarely essential to make the diagnosis [33] .
Stroke prevention
The use of anticoagulation for stroke prevention in patients with LVNC appears to be controversial. Some authors recommend using chronic anticoagulation for all patients with LVNC as a primary prevention of stroke [8] . In a retrospective study by Stollberger et al [34] , a high CHA 2 DS 2 -VASc score was associated with increased incidence of cardioembolism, an observation that may help in guiding patient management and stroke prevention. In recent studies, anticoagulation has been recommended in patients with LVNC with severe systolic dysfunction (ejection fraction of < 40%), atrial fibrillation, recurrent embolic events, or presence of ventricular thrombi [6, 35, 36] .
A retrospective study of 169 patients evaluated the correlation of high CHA 2 DS 2 -VASc score with cardioembolic events; 24 patients had ischemic stroke, 18 of which were due to cardioembolic events. It was concluded that CHA 2 DS 2 -VASc may aid in making the decision whether to use anticoagulation in patients with LVNC [34] .
The use of factor Xa inhibitors for stroke prevention in patients with LVNC has not been studied. Recently, Sun et al [37] reported a case of a 43-year-old man with LVNC and an intraventricular thrombus who was treated with rivaroxaban, 10 mg daily, for 3 months. Follow-up evaluation revealed that the thrombus diminished, but this outcome does not support the use of this class of medication for stroke prevention in patients with LVNC. Further studies are still warranted. Table 1 [5, 6, 11, 23, 26, 35, [38] [39] [40] [41] [42] summarizes the clinical features and thromboembolic events rate and the use of anticoagulation in adult patients with LVNC reported in several case series.
Our case report demonstrates the potential of underdiagnosis of LVNC in patients with cryptogenic stroke. It also emphasizes the importance of utilization of echocardiographic studies and the need for increased awareness of this entity, particularly in patients with recurrent embolic stroke of undetermined source. If LVNC is suspected on echocardiographic studies, a cardiac MRI is recommended for confirmation. In the case of our patient, the patient had severe systolic dysfunction and establishing a causal relationship between LVNC and ischemic stroke would be complex.
Conclusions
LVNC is a cardiomyopathy that is characterized by echocardiographic evidence of multiple deep intertrabecular recesses communicating with the ventricular cavity that increases the Ischemic Stroke Secondary to LVNC J Neurol Res. 2019;9(4-5):75-80 risk of cardioembolic events including ischemic stroke. Surface echocardiographic studies in our patient with recurrent ischemic stroke did not reveal ventricular trabeculations or LVNC, but a follow-up TEE did. Cardiac MRI appears to be highly specific and sensitive in confirming the diagnosis. The use of anticoagulation is controversial for stroke prevention, but seems to be favorable in patients with a high CHA 2 DS 2 -VASc score, atrial fibrillation, and/or recurrent cardioembolic events. We advise clinicians to be aware of this rare cardiomyopathy, particularly in patients with embolic stroke of an unclear source and echocardiogram evidence of ventricular trabeculations. Anticoagulation was used in patients with left ventricular ejection fraction of < 30%, atrial fibrillation, or a history of thromboembolic events. LMWH: low-molecular-weight heparin.
